Magnetic resonance imaging (MRI) is currently considered the gold standard for assessing hemophilic arthropathy (HA) severity; however, MRI is often costly, time-consuming, and difficult to perform in children. In the present study, we evaluated the joint status of hemophilic patients from Shanxi Province, China, using musculoskeletal ultrasonography (MSKUS) and identified the factors that most strongly correlated with disease severity.
Introduction
Hemophilia is a sex-linked recessive genetic disorder, and it can be divided into 2 types (hemophilia A and hemophilia B). Hemophilia is more common in male individuals than in female individuals, and the most common symptom is an increased bleeding tendency. [1] Repeated joint bleeding is a serious complication that can cause hemophilic arthropathy (HA) and joint disability. [2] The pathological changes include effusion (hydrarthrosis or hemarthrosis), synovium hypertrophy and hyperemia, cartilage modification, bone erosion, osteophytes, and bone remodeling. The most commonly affected joints are the knee, elbow, and ankle joints, [3] but the shoulder, wrist, and hip joints can also be involved. [4] For assessing joint status, an appropriate imaging system is needed to evaluate lesion severity and monitor joint disease progression. Conventional radiography has been used to evaluate HA. [5] [6] [7] Although radiography can demonstrate the early changes of bone lesions, [8] it only identifies the synovium, and analysis of other soft tissues is difficult. [7] Magnetic resonance imaging (MRI) is presently considered the gold standard for assessing HA severity. It can identify bleeding, synovium hypertrophy, cartilage damage, and osteochondral abnormalities accurately, [9, 10] however, it is costly and time-consuming. Furthermore, young children require sedation for MRI examination. Therefore, its use has been greatly limited. Musculoskeletal ultrasonography (MSKUS) is a useful tool for diagnosing and monitoring musculoskeletal diseases. [11] [12] [13] It can identify some early changes, such as effusion (hydrarthrosis or hemathrosis), synovium hypertrophy and hyperemia, cartilage damage, and minor alterations of the bone surface. Additionally, many studies have shown a positive relationship between ultrasonography and MRI results. [14] [15] [16] [17] [18] Shanxi Province is a northern province of China, and it is considered to be underdeveloped. In this region, MRI is too expensive for most patients with HA. Thus, in the present study, we assessed the joint status using MSKUS in patients with HA from Shanxi Province.
Methods

Participant
The study included 104 male patients (mean age, 20.8 ± 15.0 years; range 2-68 years) with mild, moderate, or severe hemophilia between April 2015 and April 2016. Among these patients, 1248 joints were evaluated, including the shoulder, elbow, wrist, hip, knee, and ankle joints on both sides. We excluded patients with rheumatoid arthritis and neuropathic arthropathy.
Diagnostic criteria of hemophilic arthropathy
MSKUS assessments and determination of lesion locations were based on the guidelines for musculoskeletal ultrasonographic examination, [19] and previously published protocols were used for reference. [20, 21] Joint effusion was considered abnormal when effusion was >1 mm (knee joint effusion >2 mm), considering that healthy joints might show a small amount of fluid. Measurements were obtained for the shortest axis in the largest pocket of the joint. Synovial hypertrophy was defined as synovial thickness >1.5 mm on gray-scale sonography. The largest anterior-posterior diameter of a single synovial layer of the most affected bursa of the joint was measured. [14, 18] Cartilage modification was defined as hyperechogenicity or an irregular profile showing rough or local erosion of the articular cartilage surface. Bone damage was defined as a cortical "break" when an irregular shape was observed in the longitudinal or coronal plane, osteophytes, or bone remodeling. As there is no clear standard for articular cartilage among joint locations, normal cartilage thicknesses were determined from the results of previous studies [22] [23] [24] [25] and were compared with the findings of the contralateral joints (if there was no bleeding history) or the joints of 85 healthy volunteers matched by age and sex (if both joints were damaged).
Ultrasound setting
MSKUS was performed using the Philips IU22 Ultrasonic Diagnostic Apparatus (Philips, Amsterdam, the Netherlands) with a wideband high-frequency 12-5 MHz linear probe.
The main investigators
One professionally trained operator performed all examinations, who had 8 years of experience for performing MSKUS. All joints were evaluated by a physician on the day of MSKUS examination. Physical examination was performed according to version 2.1 of the hemophilia joint health score. [26] 
Ethics statement
This study was approved by the local internal review boards and ethics committees. Written informed consent was obtained from all patients in accordance with the Declaration of Helsinki.
Statistical analysis
Continuous data are presented as mean ± standard deviation, while categorical data are presented as percentages. The chisquare test was used to analyze categorical data. To explore the risk factors of hemophilic arthropathy, we used multivariate logistic regression model. Hemophilic arthropathy was set as the dependent variable. The independent variables included the type of hemophilia, age, severity, and treatment categories. All findings were analyzed using two-tailed tests, with statistical significance assumed at P < .05. Analysis was performed using SPSS 22.0 statistical software (IBM Corp., Armonk, NY).
Results
The characteristics of all assessed patients are presented in Table 1 . We noted that 21.2% of patients received no treatment, 71.2% received on-demand treatment, and only 7.7% received prophylactic treatment (Table 1) . Among the 1248 joints examined, 306 showed deterioration ( Table 2 and Fig. 1 ). These included 102 (8.2%) joints with effusion, 176 (14.1%) with synovium hypertrophy, 193 (15.5%) with cartilage modification, and 176 (14.1%) with bone damage. There were 647 lesions in 306 joints, and many joints had multiple lesions at the same time. The shoulder, wrist, and hip joints mainly showed soft tissue lesions and rarely showed osteochondral lesions. However, the knee, elbow, and ankle joints showed all 4 types of lesions. Among the involved joints, the shoulder, wrist, and hip joints The percentage may not total to 100% because of rounding. * Severity is classified according to the activity of FVIII/FIX as follows: mild: >5 to <40%; moderate: 1%-5%; severe: <1%. † Percentage of this column refers to the proportion at each location.
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Medicine accounted for 0.8% of joints with damage, while the knee, elbow, and ankle joints accounted for 99.2% of joints with damage (chi-square test, P < .001) (Fig. 2) . The distribution of damaged joints at each location was as follows: shoulder, 2 (1.0%); elbow, 80 (38.5%); wrist, 4 (1.9%); hip, 4 (1.9%); knee, 126 (60.6%); and ankle, 90 (43.3%). On dividing patients into 4 age groups (<6, 6-17, 18-34, and ≥35 years), we found that synovium hypertrophy, cartilage modification, and bone damage significantly increased with age (trend chi-square test, P < .001), while effusion did not increase with age (P > .05) (Fig. 3) .
The chi-square test and multivariate logistic regression analysis (Tables 3 and 4) showed that age and hemophilia severity were significantly associated with joint disease (chi-square test: P = .004 and P = .016, respectively; multivariate logistic analysis: P = .015 and P = .010, respectively), while type of hemophilia and treatment categories were not associated with joint disease (chisquare test: P = .557 and P = .261, respectively; multivariate logistic analysis: P = .325 and P = .609, respectively).
Discussion
In recent years, MSKUS has been more extensively applied. [27] [28] [29] [30] [31] The present study comprehensively evaluated 12 specific joints in hemophilic patients, using MSKUS. We found that MSKUS can be used to clearly visualise synovial lesions, effusion, cartilage modification, and bone surface damage, but cannot be used to visualise lesions deep within bones. Episodes of bleeding were less common in the shoulder, wrist, and hip joints than in the knee, elbow, and ankle joints, but bleeding was not rare. Additionally, osteochondral damage was lower in the shoulder, wrist, and hip joints than in the knee, elbow, and ankle joints. Similarly, damage to the knee, elbow, and ankle joints was generally more severe, and the incidence of lesions was the highest in the knee joint, followed by the ankle and elbow joints. These findings differ from the results of a study in a Taiwan province that was based on Pettersson scores, in which the prevalence of ankle arthropathy was the highest. [32] In China, many patients with hemophilia receive either ondemand treatment or no treatment, and few patients receive prophylactic treatment. In this study, 8 patients had received prophylactic treatment, and 6 of these patients had abnormal joints. Notably, there was no positive impact of treatment on joint damage, and this finding differs from the results of previous studies.
[ [33] [34] [35] After a telephonic interview, we noted that the 2 patients with normal joints were young children (aged 2 and 5 years) who had undergone primary preventative treatment. Additionally, we noted that 4 of the 6 patients with abnormal joints (aged 2-10 years) had mild synovial hypertrophy (3 patients had mild knee lesions and 1 had a mild ankle lesion) and that they had undergone primary preventative treatment. The other 2 patients with abnormal joint cartilage and bone (aged 23 and 27 years) had undergone tertiary preventative treatment and had started prophylaxis nearly 3 years prior. We found that prophylaxis was more effective when initiated early and at a sufficient dose. In our study, joint damage increased significantly with increasing age and hemophilia severity, both of which were related to a high number of accumulative bleeding episodes and bleeding-related joint damage. However, we found that they were not influenced by the type of hemophilia or treatment modality. Muça-Perja et al [36] similarly found that the degree of joint involvement was not influenced by the type of hemophilia. Further research with a large sample size may be needed.
We did not consider cartilage calcification for cartilage modification, as epiphyseal plate ossification increases with age in adolescents. Calcification often accompanies hyperechogenicity and an irregular profile. Occasionally, a thickened synovium and fat pads are difficult to differentiate, and color Doppler flow imaging and power Doppler imaging can help distinguish between a thickened synovium and fat pads. In this study, most patients had received on-demand or occasional treatment, thereby resulting in frequent joint bleeding and related joint damage. Among the tools available for monitoring joint status, MRI is often costly and time-consuming. In the Second Figure 2 . A total of 1248 joints from 104 hemophilia patients were examined. There were 306 abnormal joints on musculoskeletal ultrasonography (black column).
Comparison of the incidences of involvement among the various joints according to the chi-square test (P < .001). There is a significant difference between the knee, elbow, and ankle joints and the shoulder, wrist, and hip joints. Figure 3 . Effusion, synovium hypertrophy, cartilage destruction, and bone destruction show increases with age. There are significant differences across ages with regard to synovium hypertrophy, cartilage destruction, and bone destruction (trend chi-square test, P < .001), but not effusion (P > .05). Table 3 Chi-square test to analyze internal differences for the 4 factors with regard to the incidence of the involved joints identified on musculoskeletal ultrasonography. Hospital of Shanxi Medical University, MRI examination of a joint costs 895 and takes 15-20 minutes irrespective of whether the joint is normal, while MSKUS examination of a joint costs 90 and takes about 5-8 minutes (the examination takes less time if the joint is normal). On the other hand, radiography is associated with poor soft tissue resolution. The advantages of MSKUS are unique as they are beneficial to both patients and physicians, [37] [38] [39] and MSKUS is emerging as an important modality for the diagnosis of treatable musculoskeletal abnormalities that contribute to pain in patients with HA. [40, 41] Therefore, MSKUS appears to have a potentially critical role in the development of personalized hemophilia care. [13, 40] The present study has some limitations. First, there was no clear definition of articular cartilage thickness according to joint location or patient age. Additionally, there was no specified definition of abnormal joint effusion in joint capsules at different locations. Second, MSKUS was not compared with MRI owing to sample size issues and the expensive nature of MRI. A further study with a large sample size is required to determine normal articular cartilage thickness and abnormal joint effusion. Moreover, comparisons with MRI are needed to determine the efficacy of MSKUS.
Conclusion
MSKUS is an economical and convenient imaging approach. It can provide clear images of soft tissue changes and damage to the osteochondral surface. Moreover, it can play an important role in the diagnosis and long-term monitoring of HA, and it may become the first-choice imaging approach for diagnosis, followup, and preoperative and postoperative evaluations. Table 4 Multivariate logistic regression analysis to analyze the risk factors associated with joint disease identified on musculoskeletal ultrasonography.
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